Efficiency is a major focus of solar cell research. Previous research has been conducted showing a connection between the topography of a solar cell and its efficiency using atomic force microscopy (AFM).
A Solarex polycrystalline panel was used for the crystalline sample. This module consists of 36 separate polycrystalline silicon solar cells connected to make the solar panel. 3 The polycrystalline solar modules are a collection of cells cut from a cast square ingot of silicon. This technology is less efficient than a monocrystalline solar panel, which is cut from a single cylindrical ingot. 4 In comparison, an organic solar cell is made of a conductive polymer that makes use of organic electronics. Organic electronics are carbon-based unlike the silicon used in the crystalline solar cells. 5 Although organic panels are cheaper to produce than the silicon alternative, polycrystalline panels have a higher efficiency when converting sunlight into usable energy. The highest module efficiency of a polycrystalline panel is 14.74 % (Kyocera Solar) compared to the 8.81% (Solyndra) module efficiency of the most efficient organic solar cell on the market. Figure 1 shows the types of solar panels used in this research. A commercially available Solarex panel (model type MSX-5) was used for the crystalline sample. The panel (Figure 1, a) was taken out of the module and sliced with a razor blade. It was then cracked along the ridges made with the razor blade and attached to the glass slide with super glue (Figure 1, b) . Aditya Baradwaj, a graduate research assistant at Purdue University's School of Chemical Engineering prepared two organic solar cell samples for this experiment. The organic cells were prepared on ITO coated glass substrates purchased from Thin Film Devices, Inc. The substrates were cleaned using ten-minute sonication cycles in acetone, chloroform, and isopropyl alcohol sequentially. The substrates were then blown dry with compressed nitrogen and then exposed to ozone plasma for ten minutes. On one of the substrates, two layers of PEDOT:PSS were applied to the ITO glass surface using spin-coating. Inside a glovebox, a 50 mg/mL solution of P3HT: PCBM was applied on top of the PEDOT:PSS using spin-coating (Figure 1, d) . On the other substrate, only the P3HT: PCBM solution was applied using spin-coating (Figure 1, c) . 7 The surface topologies of the samples were imaged using the Bioscope Catalyst (Bruker, Santa Barbara, CA) in dynamic mode with an OTESPA tip (Bruker Probes, Camarillo, CA). In this procedure, a tip on the bottom of an oscillating cantilever scans over the surface of the solar panel. The oscillation of the cantilever is altered as the tip interacts with the surface. These changes are detected by a laser, which is reflected off the cantilever and into a photo detector. 8 The detector records the position of the cantilever and provides feedback to the Z position of the scanner, which is adjusted to maintain a constant oscillation. This data is used to produce the images of the surface topography. Measurements of depth, width and surface roughness of features were taken to calculate the surface area available to collect energy on each panel. Figure 2 shows images of the Solarex crystalline panel at a 50 m scale, a 10 m scale, and a 5 m scale. Figure 3 shows a cross section of the 10 m square scan. A conglomerate in this image measures a width of 1.5 m and a height of 300 nm.
The images in Figure 4 show a 50 m square scan, a 10 m square scan, and a 5 m square scan of the organic panel with P3HT: PCBM directly on top of the glass substrate. Figure 5 shows a cross section of the 10 m square scan. The cross section shows a conglomerate with a width of 2.5 m and a height of 3 nm.
The images in Figure 6 show a 50 m square scan, a 10 m square scan, and a 5 m square scan of the organic panel with P3HT: PCBM on top of PEDOT:PSS, which is directly on top of the glass surface. Figure 7 shows a cross section of the 10 m square scan. The conglomerates visible in the images of the organic panel without the PEDOT:PSS are no longer present. The cross section shows a projection from the surface with a width of 1 m and a height of 8 nm.
Using these data sets, the surface area of each panel was calculated using the roughness analysis command of the Nanoscope software. This feature reports the surface area of the flat image, the surface area of the projected image, and it also compares the difference between the two surface areas. 9 The surface area difference displayed in Table 1 is the difference between the analyzed region's projected surface area and its twodimensional area. Calculations were made for the 50 m square scans of each panel. The polycrystalline panel has more available surface area than both forms of the organic panel. The organic P3HT: PCBM panel without PEDOT:PSS has a slightly larger surface area difference than the organic panel with PEDOT:PSS. The percent differences in surface area correlate to the general efficiencies for both types of panels of about 5% for organic panels and about 15% for crystalline panels. In order to understand the overall effect topography has on the energy efficiency of solar cells, additional experimentation is required. This should include various types of solar cells as well as looking at the process of solar cell development.
